Recent advances in microcomputerbased products provide Extension with the opportunity to revise and to update historic delivery systems. Decision support systems furnish Extension professionals, consultants, allied industries, and producers with a new resource to solve problems. Use of relational databases on the farm, updated from external databases, provides users with a new option for problem solving. Hypertext and authoring languages create new ways to manage more effectively the information available through the database. Decision support systems, using an on-farm database, can be developed to address and to evaluate more specific management problems. Use of tools that can directly access and manipulate producers' external and internal data increases the effectiveness of the Extension professional.
INTRODUCTION
Potential applications of new microcomputer-based technologies are only limited by the resourcefulness of the Extension educator. These technologies are the tools upon which Extension educators must build new delivery systems.
Extension was founded on the principle of demonstration of results. In the past the system has relied on showing what could be accom-plished using new and innovative techniques. Once again, Extension is at a technological crossroads created by internal and external changes. Because of the changing demographics of the agricultural sector (12), traditional meeting methods no longer seem to attract producers. Newsletters that were once the primary means for mass communication now compete with slick private sector publications that focus on specific agricultural groups. Contact between two individuals now appears to be the most common way for large production units to transfer information. In many cases, Extension educators are circumvented as information providers because of inaccessibility of critical support materials caused, in turn, by inaccessibility of modem knowledge transfer mechanisms.
HISTORICAL PROGRAMS
As technologies, in particular, computer technologies, have evolved, there has been a need for change in Extension delivery systems.
Historically, DHI has been a prime source of information transmitted by Extension to producers (16). This program has served as a data conduit. However, the opportunity exists to tie that proven system to new and related production and financial systems. Although the emphasis will be on use of a particular database (e.g., DHI), the use and access to any database and the consequent development of that data are available for all of agriculture.
The need for databases and their structure is not a new Extension concept. With the help of Extension (16), the first cow testing organization was formed in 1905 to provide a source of information for comparisons of alternative management practices. As computer technologies developed, one of the first agricultural applications was the development of a program that would calculate cow records. Since the 1950s, pioneers, such as Bliss Crandall, have been instrumental in developing a sophisti-cated database for the dairy industry. This innovative application of computer technology to the dairy industry laid the foundation for the present concept of processing centers.
Accessibility to a centralized database has allowed the transformation of data to information, resulting in significant advancements in the dairy sector. A major contribution to genetic advancement in the industry has resulted from work that the Animal Improvement Programs Laboratory of USDA has conducted on genetic evaluation (1 1). Accessibility to this data has not only helped DHIA members but has also had a significant impact on the increased production capability of the US dairy population because of genetic improvement and the ability to evaluate the effect of management changes.
INFORMATION ACCESS
As computer technologies have advanced, unrealistic expectations of potential adoption rates have resulted in slow technology acceptance (3). New technologies must be evaluated without preconceived conclusions. Although some technologies will not blend into present systems, others will. Within the current Extension system, some of these new technologies have evolved because some processing centers have opened their data files (2, 4, 6, 8, 18). Some processing centers facilitate remote access to cow files, herd files, heifer files, and AI sire summaries. In addition, certain processing centers (4, 5 ) provide for educational access to data sets generated by SAS Institute, Inc. (Cary, NC) with information cdculated at the dairy record processing center for a specific regional Extension audience. This is the "fodder" for new computer technologies.
To increase Extension effectiveness in computer technology, a national information system must be designed. Critical limiting factors are the lack of a unified data format among the various data sources and the inability of some to recognize the need for on-farm systems and for the inclusion of this type of information into a central database. With current concerns over value of records, when a national program is in place, data will flow to central data banks. These data will maintain standard economic parameters of performance that can be used in developing new information to meet the present and future management needs of the dauy industry.
The challenge is to convince producers that they will receive value from these new technologies. In addition, Extension educators must be cognizant of available technologies so that they can actively participate in developing a new generation of Extension delivery sys-
tems.
Most new technologies are accessible because of affordable microcomputers. Reduction in the cost of microcomputers has occurred concurrently with significant increases in reliability and performance. For example, in 1981, a microcomputer with 48 KB and two disk drives was priced at over $7000. Today, that computer is not available; if it were, it would cost less than $500. The same revolution is taking place in storage. At one time, the ability to store 360 KB of information on a floppy disk was considered to be exceptional; hard disk drives now have storage capacities of 100, 200, or 400 MB.
OPPORTUNITIES TO IMPROVE INFORMATION DISSEMINATION
New and more complicated delivery systems have increased because a large proportion of conventional learning and training situations involve the communication of knowledge, experience, and skills to an organized group of users (1). Historically, most knowledge transfer systems utilized a single medium, but now most professionals agree that a single medium of instruction is inadequate. Consequently, Extension must integrate multifaceted systems that will assist its Extension clientele.
Examples of such information systems are expert systems and data and pattern recognition programs. Other spin-off technologies from expert systems include models for natural language processing and their role in advanced computer systems and in an artificial intelligence approach to resource allocation. Data acquisition procedures, including electronic identification, voice recognition programs, and other methods for input of data into databases, provide for easier data input. Pattern recognition programming provides a strategy for continuous data analysis. Neural networks promise to link experts to databases, The implementation of these new delivery systems will be TOMASZEWSKI dependent on data organization, objectoriented databases, and adaptive control.
Other new technologies could also have a profound effect on Extension delivery systems. These include such products as hypertext, authoring systems digital video interactive (DVI), object-oriented programming, and CD-ROM-based applications (7, 10, 13, 15, 18) . These newer computer technologies provide Extension an opportunity to develop new clientele groups that have previously been inaccessible.
EXPERT SYSTEMS
Expert systems provide an opportunity for the creation of programs that will facilitate transfer of information from a small set of individuals to the larger user group (15, 18). Unfortunately, this technology has been slow to emerge in agriculture (17). Spahr et al. (14) concluded that expert systems have potential to have great impact on dairy management practices, but elegant results were not to be expected in the short term. Possibly, some misgivings have arisen because of a misconception of what these programs could do. However, many individuals have recognized that expert systems can be used as a tool to evaluate production performance, but not as a system that will replace the "expert". These programs, when used as a tool, provide the additional support and information that has historically been provided by a knowledge specialist, such as a consultant, a veterinarian, or an Extension specialist. These individuals are asked to consult because of his or her acquired knowledge concerning a particular subject area. Expert systems do not replace a consultant but rather provide a significant tool that can assist the end user in making a decision more efficiently and accurately.
DATA ACQUISITION
Recent developments in implanted permanent identification provide the opportunity to track, from birth to death, any animal in a production system. With automatic identification, producers will receive even more, not less, information on each cow. For example, weights will be obtained at every milking rather than from a 24-h period monthly (9). The problem now is how to use these data Journal of Dairy Science Vol. 75, No. 11, 1992 effectively. Electronic identification will permit total production management. The ability to detect patterns from this information will be essential in future data analysis.
DVI
Another exciting technology that has significant applications in enhancing the ability to deliver information is DVI (13) . The DVI technology pertains to video compression and decompression technologies. It provides full motion video with the CD-ROM data disk. Programs are able to accompany this video with FM quality stereo audio and to tie real time video effects into the program. The developer is able to program frame size and rate into the program, and the image quality available through these systems continues to improve. One CD-ROM disk could contain 70 min of full screen, full motion video, 650,000 pages, 5 h of FM quality stereo, 5000 very high quality resolution stills, or any combination of those.
New technologies are only useful when they improve the information transfer and use. The ability to analyze information is dependent on the user's ability to integrate decision aids, new technologies, and new tools that assist the user in making these changes.
The need for rapid database access continues to expand. The ability to record information by voice and electronic identification provides new opportunities for data collection. However, the limiting factor of these technologies has been high cost. As technological abilities increase, the opportunity to identify permanently an individual animal in the production stream will increase the needs and opportunities associated with developing new computer applications. Because of increased management capability, cost is no longer the key issue.
CONCLUSIONS
The Dairy Decision Support Systems Group, a proactive group of dairy scientists, actively advocates these new technologies in Extension educational programs. Extension can significantly influence the future well-being of the dairy industry. Unfortunately, the creation of educational systems utilizing these technologies, the administrative system to operate them, and the creation and delivery of instructional resources to ensure their effectiveness are each costly and time-consuming processes.
Distributing the tasks of resource production and management across several states is one way of sharing the costs incurred. This type of approach also provides an implicit mechanism for quality control and facilitates standardization.
The technology to construct a powerful multimedia, distributed, open learning system is available today. The realization of such a program depends on the availability of funds to bring these technologies together, a concerted effort on the part of those interested in collaborating in such an extensive project to bring these technologies to Extension clientele, and data access.
